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Motivation 
Wide-angle mechanical scanning with low F/D 


Design approaches for circular polarization 


* Phase delay transmit-array 


* Phase rotation transmit-array 


Dual band transmit-array 


Conclusions 
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Mo tivation | The next generation of Ka-satellites have the potential to boost the 
| market of small user terminals for mobile broadband applications. 


Typical 





Specificiations 
Dual-band 
High gain 
Compact 

Wide beam scan 


Circular polarization 





Low cost 


Phased array 





Y Low profile 
Y Low weight 
X Complex feeding network 


Can transmit-arrays be a cost-effective solution? 
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Designing TA for SoTM 


Beam direction 





uda Transmit-array 
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9 Feed phase centre 


Specificiations 






Dual-band >-——— Ka-band Rx and Tx bands are widely separated 


(20 GHz Rx and 30 GHz Tx) 
Gain height trade-off 


Beam tilting result in additional aberrations 


Circular polarizatio High polarization purity/ polarization diversity 
and handover 
Mechanical beam steering 
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Conventional Fresnel correction | 


Each unit cell acts as a local spatial filter H (x, y, w) = e/Ptens 
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Specificiations 


X Dual-band 
Y High gain 


X Compact 
X Wide beam scan 


Y Circular polarization 


v Low cost 


M. Li. M. A. Al-Joumayly. and N. Behdad. "Broadband True-Time- 
Delay Microwave Lenses Based on Miniaturized Element 
Frequency Selective Surfaces.” /EEE Trans. Antennas and 
Propag.. vol. 61. No. 3. pp. 1166 — 1179. Nov. 2012. 
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|Scanning with an Offset Fresnel Lens 


Source illumination Q 
Wider scanning range with in-plane 


translation and rotation 
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Mechanical displacement 
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PD and PR TAs working principle 
Phase delay (PD) Requires a discrete set of unit-cells 
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Offset Fresnel Transmit-array | 


Wider scanning range with in-plane translation and rotation 


Height reduction with virtual focus 
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E. B. Lima, S. A. Matos, J. R. Costa, C. A. Fernandes and 
N. Fonsenca, “Circular Polarization Wide-angle Beam 


Steering at Ka-band by In-plane Translation of a Plate N AN WAV da 
Lens Antenna,” /EEE Trans. Antennas and Propag., Vol. t 4 
63, No. 12, Dec. 2015. 
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Specificiations 





X Dual-band 
Y High gain 


Realized gain (dBi) 





A v Compact 


iva | v Wide beam scan 
ics [-505,50*] scanning 


z F/D~0.55 
— 7 G-28 dBi 30 GHz Y Low cost 
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P. Naseri, S.A. Matos, J.R. Costa, C. A. Fernandes, Phase-Delay Versus Phase-Rotation Cells for 
Circular Polarization Transmit Arrays— Application to Satellite Ka-Band Beam Steering, IEEE Trans. on 
Antennas and Propagation, Vol. 66, No. 3, pp. 1236 - 1247, March, 2018, 





Phase rotation TA 
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e PD-TA provides larger 
3dB bandwidth 
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Dual band lens design challenge | 


Transmit-array design is more challenging for dual-band operation 
e Independent 360º phase wrapping jumps needed at each band 


*  Conciliating the adequate dual-band transmission coefficient phase behavior 
with a low transmission coefficient magnitude 


Dual band Ka-band design example F — 100 m a, — 32.5? 


f = 20 GHz f = 30 GHz 
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360 
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Dual band PD-TA | 
Lens phase correction equivalent 


compensation length 


Defined in the finite 2D-space pe E [0°, 360°], $t. € [0?, 360?| 


Ps 2 Ps 2 





Unit cell is univocally defined by the phase-pair: pt = (Pr pt) 
fr 
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Dual band PD-TA | 


Unit cell geometry 


s=1.575 mm — height of dielectric slab 


Sy = 0.05 mm — glue height (material model as dielectric) 
P =3.5 mm - cell period 


h,,= 0.017 mm — Metallization thickness 
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” ~> Copper (annealed) 
! me Rogers Duroid 5880 





S.A. Matos, E.B. Lima, J. S. Silva, J.R. Costa, C. A. Fernandes, N. Fonseca, JM Mosig, High Gain Dual-Band 


Beam-Steering Transmit Array for Satcom Terminals at Ka-Band, IEEE Trans. on Antennas and Propagation, Vol. 
65, No. 7, pp. 3528 - 3539, July, 2017. 
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Dual band PD-TA | 


Unwrap phase cell response 
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Dual band PD-TA 


o Amplitude response 
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Dual band PD-TA prototype 


Measured Gain (dBi) 


[-50°,50°] @ 20/30 GHz with scan loss « 2.2 dB 
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——— 20 GHz dual band TA 
— 30 GHz dual band TA 


Specificiations 
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v High gain 


v Compact 
v Wide beam 


scan 


v Circular 
polarization 


v Low cost 
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Main Conclusions 


Transmit-array is a cost-effective solution for SOTM 
ground terminals: 


* Low cost comparing with phased arrays 
e° Compact and lightweight comparing with reflector antennas 


* Without feed blockage inherent to reflect-array based solutions. 


The choice of PD-TA or PR-TA designs depends on the 
type of specifications required: 


* PD-TAis polarization-insensitive which allows polarization 


diversity and handover 


* PR-TA has higher polarization purity 
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High gain dual band PD-TA with wide beam steering was 





Main Conclusions 


demonstrated; 


* Dual band TA performance rivals with the single band 


counterpart 
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